Several of our major airports are operating at or near their capacity limit, increasing congestion and delays for travelers. As a result, the National Aeronautics and Space Administration (NASA) has been working in conjunction with the Federal Aviation Adminiswation (FAA), airline operators, and the airline industry to increase airport capacity and safety. As more and more airplanes are placed into the terminal area the probability of encountering wake turbulence is increased. The NASA Langley Research Center conducted a series of flight tests from 1995 through 1997 to develop a wake encounter and wake-measurement data set with the accompanying atmospheric state information. The purpose of this research is to use the data from those flights to compute the wake-induced forced and moments exerted on the aircraR. The calculated forces and moments will then be compiled into a database that can be used by wake vortex researchers to compare with experimental and computational results.
Introduction
Aircraft travel has been a primary form of transportation over the past four decades. Due to increased air traffic, major airports are currently operating at or near their capacity limit. This has translated into increased congestion and passenger delay. As early as the 1950s, scientists have recognized this as a potential problem and sought methods to alleviate this condition. Recently, the National Aeronautics and Space Administration (NASA) has been working in conjunction with the Federal Aviation Administration (FAA), commercial airlines, and aircraft manufactures to increase airport capacity and improve safety. Several solutions have been proposed. The most feasible method is to increase the production per runway by decreasing the separation distances between aircraft during takeoffs and landings during inamanent flight rules.
Depending upon the flight airspace, weather, visibility, and theaircraft's distance from clouds, Air Traffic regulations require the pilots to fly under either Visual flight rules (VFR) or Instrument flight rules(IFR). Under VFR, the pilots are responsible for maintaining safe separation distances. Under IFR, theAir Traffic Controllers (ATC) areresponsible for maintaining the separation distances mandated by the FAA [1] . When conditions require an airport to operate under IFIL the airport capacity is significantly diminished.
This has led to speculation that IFR separation may unnecessarily limit the operating capacity of major airports.
In order to decrease IFR separation distances, it is necessary to address the issue of a hazardouswake encounter. Wake vortices, also known as wing-tip vortices, are created when the airflow over the top surface of a wing meets the airflow over the top of the bottom wing surface. The air flowing over the top surface of the wing flow inwards towards the wing centerline; whereas, the air flowing over the under-sm'face of the wing flows outward towards the wing's tip. When the two airflows meet at the wing's trailing edge, they join at an angle creating clockwise and counter-clockwise rotating vortices.
Vortices are created by all classes of aircraft: Heavy (300,O001b or more), Large (between 12,5001b and 300,O001b), and Small (less than not encounter the wake of the heavier aircraft (Table  1) . As more and more airplanes are placed into the terminal area, the probability of encountering wake turbulence is increased. Therefore, a better understanding of wake-vortex/aircraft interactions has to be gained before new separation guidelines can be established.
The purpose of this project is to design and implement a procedure for computing the wakeinduced forces and moments imparted on an aircraft during a wake-vortex encounter.
This author conducted research at NASA Langley Research Center u_g data that was collected in a series of flight tests from 1995-1997. Information gathered in this study will be stored in a comprehensive database containing wake-vortex, atmospheric state, and wakevortex/aircraft encounter data. The database will then be used for the comparison and validation of current and future wake-encounter simulations. Such simulation dam can be used by the FAA to evaluate reduced separation guidelines.
Avoroach

As stated previously, NASA Langley
Research Center conducted a series of flight tests from 1995-!997 with the express purpose of developing a comprehensive database consisting of wake-vortex measurements and wake-vortex/aircraft interaction data, along with the accompanying atmospheric conditions. This database would then be used for comparison and validation of experimental and computational simulations and their results.
Using data from those flights, this research focused on describing the wake-vortex/aircraft interaction by computing the wake-induced forces and moments imparted on the B737-100 aircra_ To derive the wake-induced forces and 
Modified Simulation
In order to compute the forces and moments (FAM) of the B737 out of the presence of the wake, it was necessary to modify a six degree-of-freedom real-life simulation of NASA Langley'sAdvanced TransportOperatingSystem (ATOS) B737-I00 research aircr_
The original simulation was created for the purpose of studying the major systems onboard the aircraft (engine, landing gear, pitch control, roll control, yaw control, etc.) in addition to computing the aircraft's FAM. For the purpose of this research, it was necessary to modify this simulation by isolating the FAM subroutine and determining which control state variables were required for its operation.
Validation of themodifiedsimulation, called
Wv2To, was accomplished in a two step process.
The first stepconsisted of inputting a test case into the original simulation. This original simulation then created data files containing both the aircraft's FAM and the control state variables required for the modified simulation. The data file containing the control variables was then input into Wv2To whereby a second set of forces and moments were derived. The modified simulation was considered valid when the two sets of FAM were considered equal.
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Figure 1: Modified Simulation Validation Schematic
The final procedure in computing the FAM of the B737 aircraft out of the wake's presence consisted of mapping the control state variables to the flight data variables.
Using the actual flight data it was then possible to compute the forces, moments, engine thrust values, and moments of inertia of the Boeing 73%100 aircra_.
Transformation and Motion Equations
To determine the FAM of the aircraft in the presence of the wake, it was necessary to use a series of transformation and motion equations 
PDOT, QDOT,and Root represented the rate changes in the roll, pitch, and yaw rates respectively. Rewriting these moment equations in coefficient form:
1",, and To were added to the preceding equations to account for the thrift contributions in the pitching and yawing moments.
Converting these moments to the stability axis, C_ = C. *cos (_) + C, * sin (c0 This process was repeated using the trim shot data at a flap deflection of 30 degrees. Both sets of FAM bm were then averaged to determine the mean flight data biases (FAMM.bim) for the entire flight.
This procedure was performed for each flight. ( FAMb_I_3 + FAM_3o) Once the mean flight data biases were computed, it was then possible to calculate the wake-induced forces and moments of each "event", or wake encounter, in a flight by modifying equation 18:
FAMM._.m =
FAM_ -FAM_ -FAM_ _i_ -FAMM._(21)
RESULTS
The purpose of this research was to analyze the wake-induced forces and moments contained in each flight based on three criteria: flap deflection, separation distance, and flight maneuver. In order to perform these analyses, it was also necessary to calculate the FAM of each "event" in and out of the presence of the wake. The difference in the two sets of FAM, minus the FAMM.bm, yielded the wakeinduced forces and moments.
It was also necessary to determine the "age" .of the wake vortex during each event This age was defined as the time between the creation of the wake and its interception by the B737. The wake's age was computed by using a wake velocity program (Wake Vel) described in reference [4]. As a result, the average FAM,_ for each event were plotted as a function of the wake's age. In addition, error bars to denote the minimum and maximum values of the average FAM,,.
Flap Deflection
The Rrst analysis performed in this research looked at the effects of flap deflection on the wakeinduced forces and moments. This study was conducted using the event, or wake encounter, data from each flight to generate the wake-induced forces and moments (FAMe.
The chart below lists the separation distance of each flight: . :................ , .. Th.e puq)ose of this analysis wu to determine if increased separation distances reduced the effects of the wake and vice versa. This study was conducted using the encounter data from flight 558,559,and 560 to generate the wake-induced forces and moments (FAM,,_). The separation distances in these encounters ranged from 1-3 nautical miles while flap deflection was constant at 30 degrees. Flight 561 was omitted from this particular analysis due to insufficient amounts of data at 3nm. Upon analyzing the data, it was apparent that variations in these separation distances had no profound impact on some of the FAM,_. In figure  [6] , the average wake-induced lift coefficient (CL, i) was consistent between Into and 2nm, ranging from -0.1 to 0.1. Similar t'mdings were demonstrated between 2nm and 3nm in flight 560. This pattern was mimicked in the wake-induced sideforce (Cy,,i) and yawing moment (CN,,i) . For the case of the wake-induced drag coefficient (C_), figure [7] , it was noticed that the average was consistent at l-2nm.
Yet, the average CD,,i was slightly less at 3nm.
Analysis of the FAM,, also provided inconclusive results in the areas of pitching and rolling moment. Looking at the wake-induced pitching moment (Cu,,i) in flights 558 and 560, the average initiallyappeared toincrease slightly asthe separation distance increased. Table 4 : Fla J deflection and separation distance constants Analysis of the wake-induced forces and moments of varying flight patterns did provide some useful information.
Looking at the wake-induced li_ coefficient (CL_) in figure [9] , OTI maneuvers appeared to have the largest average values in every flight. This suggested that the wake imposed more lit_ on the aircraft in this situation than in any other. Incases involving thewake-induced yawing moment (C_,,i), results were rather inconclusive. No pattern of consistency was exhibited in the average CN_ for any of the maneuvers. This pattern was repeated in each of the flights.
_ONCLU_ON
As previously stated, airports are becoming capacity limited. In order to alleviate this situation, it has become necessary to increase the number of operations per runway during IFR by decreasing current separation distances. In response, the NASA Langley Research Center conducted a series of flight tests from 1995 through 1997 to develop a wake encounter and wake-measurement data set with the accompanying atmospheric state information. The purpose of this research was to design and implement a procedure to calculate the wake encounter portion of that database using the flight data from those earlier flight tests. The information gathered in this study will be stored in a comprehensive database for comparison and/or validation of current and future wake-encounter simulations. This simulation data can then be used by the FAA to evaluate reduced separation guidelines. There were three objectives to this research. Initially, the wake-reduced forces and moments This analysis was conducted to determine the susceptibility of one maneuver versus another in the wake's presence.
Results from the first analysis indicated that there was no difference in wake effect at flap deflections of 15 and 30 degrees. This conclusion is evidenced in the cases ofCv,, CLs,_, and C_,,. The wake-induced lift, drag, and pitching moment cases yielded less conclusive results.
The second analysis compared the wakeinduced forces and moments at separation distances of 1-3 nautical miles. Results indicated that there was no significant difference in the wake-induced Lift, drag, sideforce, or yawing moment coefficients
The analysis compared the wake-induced forces and moments based on different flight maneuvers.
It was found that the FAM,, had the greatest impact on OTI and [TO maneuvers. Plansto further thisresearch involve a comparative analysis of these results to those obtained by Peete [5]. Her research sought to validate the strip theory and vortice lattice modeling techniques. The forces and moments of both models with their full geometry (wings, horizontal stabilizer, vertical stabilizer) were compared to the data from an experimental model. Comparisons were also performed using the partial geometry (horizontal and/or vertical stabilizer removed) of the three models to determine if the models still had an acceptable accuracy. Peete also performed a sensitivity analysis to observe the accuracy of the models//'there was a 10% error in the modds' input data. Another comparison which will conducted in the future will consist of using the results from a wind tunnel experiment conducted by NASA. In this case, a pilot flew a 10% scale of a B737 aircraft inside a wind tunnel. The scale model was flown at different locations with respect to the vortex whereby the forces and moment s of the encounter were recorded.
